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PHYSICS OF FEU-BODY A

B. F. GIBSON

l%eoroticsl Division,
87545

and

HYPERNUCLEI

Los Alamos National Laboratory*, Los Alamos, NM, USA

School of Physical Scioncas, Flinders University of South Australia,
Bedford Park, SA, Australia 5062

The emrgios of tho particle-ttabla states in few-body A hypernuclei are
summarizoa. Other topics raviewed include: tho role cf tho hypertriton in
determining tho spin dopondence of the AN force, tho role of the
hypertriton in thrao-body forco investigations, the effect of medium
modifications upon AN-IX coupling in tho A4 Isodoublet and the spin
dependonca of tho AN force, the Importance of exact ●quation formalisms in
interpreting precision data, ●nd tha need for ● renewed effort to identify
●-idmeasure the masses of M hyparfragments,

1. INTROIXJCTION

Although the first hyporrtuclouswas idontifiod more than 30

was in the ●arly 1960’s that one realized from the systematic

yaara ●gel, it

of th~ ground

state enorgias of tho s.shell hypernuclei just how different the physics of

th~ stranganoss (S) -1 systems was compared with tho nonstrango physics found

in nature, Becauuo tho A has isospin O, tha AN interaction has no one-pion.

exchange rail ●nd does not support ● (deuteron-like)bound state2, The A-3

hypercritoa (~H) is tho Iightsst S - -1 multibaryon bound

the binding occurs only bacause the A clings tenuously to

almost a molocular typo state, Tho A saparatlon ●nergy

system. However,

the deutaron in

BA(:H) - B(:H) .

tha anergy raquirod

deutaron, waa only’

BA(~H) = 0,13 * .

B(2H),

to roaovo tho A Irom the hypertrlton l~aving b~hind the

05 Bfev,

[H.rc, B(2H) - .E(211) - 2,225 MaV,] Normthtlesa, tho pionic weak decay of the

$H was used to establish that tho spin is 1/2 ●nd not 3/2 (tha spin of the ,1
A

—.
*
Permanent ●ddrass
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5.spin-triplet force, ●t leaat in the ~H bound state. The clear difference

between the A separation energies of the A-4 isodoublet3

BA(;He) - B(~Re) - B(SHe) - 2.39 A 0.03 MeV

and

indicated that there was ● distinct charge-symmtry-breaking component6 in the

AN interaction. That iS, the Ap ●nd An interactions differ in such a way that

the A4 A separation ●mrgy difference waa throc times ●, larg@ as any charge

symmtry breakin8 deduced from the ‘H-SHO binding ●nergy difference.

Furthermore, the A separation ●n-rgy In ~Ha3

BA(~He) - B(;Ho) - B(qHe) - 3.12 ~ 0.02 P!eV

was only about half that ●stimated from central force potential modols that

were fictod to the A-3 ●nd 4 hypernuclear data ●nd were also consistent with

the ●vailable Ap bubblo chamber scattering data.3,7
We have since made some

progross in understanding this physics, but thoro remain puzzles ●nd new ones

have dovoloped, In particular, does tho double A hypornucleus &He exist? If

so, then it places limits on the mass of tho S - =2 dibaryon, tho “H” particle
8

of Jaffo.

In this raviow, I will look briefly ●t the data on few-body A-hypornuclei,

The intriguing aspects of ~H will be discussed, The question of charge

symnmtry broakin8 in tho isodoublot will bd ●xarainad. The 1+ + 0+ transition ●

in tho A-4 system ●nd its r~lationehip to the spin Jap.ndtmca of tha AN force

will be ●xplored, l%. ●nomalously small binding of ~He will bt touchod upoa,

I%* b~aring of M=hyparnuclti upon, ●nd tho ●xistance of the \ dib~ryon will

ba discussed, Threo important ●specte of tho phyeics may bc summarized as

follows:

1) ~ improved ❑easurement of tho ~H binding ,wirgy is needed to constrain

the modols of tho hypcron=nuclem intcractlon, New low-anotgy data on Ap

scattering from tagged A beams in ~p + M production are anxiously ●waitad aq

●re data on An scattering from K.d * AnT,

2) AN-234coupling is moro important in hypernucl~ar physico than NN.NA

coupling in nuclear physics, bocauso tho AcZ ❑ase difforanco ie only 80 MeV

●nd the Z irnnarrow, l’hieproducoe a complax spin-depend~nca of the AN
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simple spin-dependentAN interactionmodeled on thn free space scattering

data, which provides ● auccesaful approach to describing the NN Interaction in

nuclei, will fail. Medium corrections are more importmt In hypernuclei.

3) A new effort to identify AA hypernuclei is needed. If their existence

is confirmed, mass measurements for the lightest such hyperfragmcnts would

provide severe constraints upon the mass of ●ny possible S - -2 dibaryon.

2. S-SHELL DATA SUKMARY

The experimental information ●vailable for particle-stable states of the

ls-shell hypernuclei are summarized
3,9-1o

in Table I, where A separation

energies

BA(AA) - B(AA) - B(A-1)

and M separation ●nergies

BM(fiAA) - B(MA) - B(A-2)

are given. The uncertainty In BA(~H) is fractionally ‘Large, It was difficult

to extract from ●mulsion ●xperiments, because of the small binding energy.

The value of BA(~He) was determined most reliably becauao of the available

statistics, It was the moat common light hypgrfragment formed in emulsion

studies. The photon ●nergies for tht A4 iaodoublat were determined by

coincidence ❑easurements. They prov?4c a real test of our ability to model

the mass 4 system, That 18, unlike the nuclaar case, hero we hava two

particle.stablo states in tha same nucleus for which w. can numerically solve

the set of ●xact ●quations that describa the system of strongly interacting

baryons within ● nonrolativistic, Hamiltonim ❑odel framework,

Table 1. Cround=scata A ●nd AA separation ●ertiea Plue ●xcitation ●nerEies
of particle-stable states for 1s shall k:ypernucieii -

BA(14eV)3 E7 ,

SH
A

0,13 * ,05

dH
A

2,04 & ,04 1

‘He
A

2,39 k .03 1

6He
A

3,12 * ,02

BM(MeV)LO

‘He
AA

10.6 (?)

HeV)9

ok
15



There was some controversy ●bout the interpretationof the emulsion event10

that was identified as the decay of ~He. A second event’l was reported which

corresponds to fiBe. The ~Be event (B~=18 HeV) has been throreughly checked

and seems reasonably well established. Cluster motielcalculations indicate

that these two M separation energies are consistent within ● potential

framework based upon A-a and a-a potentials that reproduce the binding

energies of ~He and ~Be; that is, the same M model force agrees approx:

with the quoted M separation energies for A-6 and 10.

❑odel

❑ataly

As w. shall see below, new experiments to improve our knowledge of the ~H

binding and to confirm the existence of M hypernuclei are needed,

3. THE HYPERTRITON AND REIATED ISSUES

1+Because the A has spin JR - ~ , it can couple
11form either spin-2 or ~ Anp states. It is clear

all two-body interactions must be spin triplet.

by the spin-singlet AN interaction.
5,12

(The np

triplet, corresponding to ● deuteron). That is,

to the spin-1 deuteron to

that in the J = Az systeutthat

The J _ $ system is dominated

interaction is a spin

one finds

+
J=+ : t

‘AN - ‘AN

A direct ●nalysis of ●vailable Ap bubble chamber 13,148catt@ring data cannot

determine which of the interactions (singlet or triplet) is cha stronger, The
13

●xtracted scattering lengths ●ra, in fact, highly correlated, However, it

was deduced4 from the pionic waak decay of ~H that the ground stute had Jw - .

1+
2“

Thus, Vfi is stronger than V& in the ~H system, Correspondingly, it was

concluded that for tho scatterin~ lengths

(Recall that in tho nuclear physics convention ● < 0 implies that there is no

two body bound state,) We shall return to this point in the A-4 discussion.

An observation related to the statement that the hypertriton corresponds to

a A bound to the doueeron is that Ann is

interaction is not strong ●nough to hold

system together. In fact, ●ven the Mnn

calculations which limit the strength of

not bound. That is, the An

either the unbound np.singlet or nn

system ie unbound in model

the M interaction to be no more th~n
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This is the result of their being no one-pion-exchangecontribution to the,
interaction. (The A has isospin zero, so that the AN system cannot simply

exchange an isospin-1 pion.) Because of this the AN tensor force, which comes

in lowest order from k and ~* exchange, is also not large, Holinde will

discuss these details in his presentation.
15

h interesting corollary to the lack of binding in the Ann system is that

the Z-nn system is ●lso unbound. The XN interaction 1s even weaker than the

AN interaction.
16 That is unfortunate, because ● bound X-nn system would be

unable to decay into ANN due to charge conservation.

We shall see in the A4 discussion that charge symmetry breaking in the

‘He-~H ground state binding energy difference
A

ABA(O+) - 2.39 - 2.04 -

is magnified in c~mparison

0.35 MeV

to the charge symmetry break:ng deduced from the

‘H-sHe binding energy difference after correcting for the Coulomb interaction

of the two protons in ‘He

*BCSB
- [B(”H) - B(sHe)] . EC -0,76 - 0,64- 0,12 MelJ.

Similarly, coupled-channel ●ffects (AM-ON conversion), or in ●nether language

ti.ree.bodyforce (ANN) effects when the 22?channel is formally eliminated, are

magnified in ~H compared to NN~NA coupled-channel (or NNNthree-body force)

effects in tha triton, because the hyperon mas~ difference
‘%’mA

- 80 FfeVis

❑uch smaller than m -
A %’

To make this clear, let us recall that the coupled-channel interaction

‘YN-

leads to

formally

‘AN -

[

,

‘AN ‘XN

‘AH ‘z?+

the “box dia~ram” in ● one-channel formalism, when the IN channel is

●laminated by itsratfng the coupled ●quations:

1
‘AN - ‘XN ~-E+&evXN’

Schematically this ia descrlbad in Fig, 1, where in the smcond term tho A

converts to a Z (through the transition potential v~) ●nd then back into a A.



N AQ AN A

Schematis pfcture
AN-224 coupling

N AN AN A

FIGURE 1
of the AN interaction at the box diagram level of including

Holinde will emphasize the importance of including the
15channel models of the AN Interaction, Note that the

attractive, Note also that it is energy dependent, an

in nuclear calculations.

box diagram in one-

box diagram is

effect often neglected

When one embeds such a coupled-channel interaction in the three-body

problem, one is led immediately to three-body forcus of two types, when the

IN channel is eliminated. This is illustrated in Fig. 2. Diagram 2(a)

describes the simple v~ interaction between tho A ●nd one of the nucleons,

Diagram 2(b) corresponds to the box diagram of Fig. 1. However, the energy

denominator now includes the kinetic energy of the second, or spectator,

nucleon which weakens its contribution, This is referred to as the dispersive

three-body force in the literature, ● repulsive energy dependence in the NN

force arising from modification of the interaction in ehe medium, Diagram

2(c) describes the more conventional three-body force, that resulting when all

three baryons ●re directly involved in the interaction,

NAN NAN NAN

t-1Hz -$-1
NAN NAN NAN

M) (B) (c)

FIGURE 2
Schematic picture of three contributions to the AN interaction in tho
hypertriton when AN~XN coupling 1s snowed: (A) direct AN two-body
interaction; (B) ❑edium modification of the two-body interaction; (c)
zonventioral three-body interaction



Because the isospin of the A (T-O) and the Z (T-1) differ, the A-X

conversion alters the Isospin (and therefore spin) of the interacting nucleon-
17

nucleon pair. Schematicallyone has two types of terms in the hypertriton

wave function:

[A S d]T-O + [X @ d*]T-O.

The deuteron (d) has T-O as does the A, so that the spin-singlet NN state (d*,

T-1) rust couple to the X (T-1) In order to contribute to the T-O ~H. Hence,

AwE conversion forces a recoupling of the np pair.
T-1Because the (rip)

interaction has an antibound state at about 60 keV, the excitation energy

appearing in the anergy denominator Is only a little more than 2 HeV, and such

A medium correction does not quench the attraction from diagram 2(b)

significantly in this system.

Three-body force effects (or AN*ZN coupling) are clearly evident in the

few-body hypernuclear binding energies. Bodmer and Usmani
18

have been

developing a model in which AN and ANN forces ●re paramaterized by analyzing

Ap scattering plus the binding energies of the A - 3, 4, 4*, and 5

hypernuclear states. They find a three-body force contribution to be

indispensable in reproducing the data. (In contrast, Shinamura
19

reports a

fit to just the binding energies which involves only phenomenological AN

forces, His extracted AN potentials disagree markedly with the Ap scattering

data, which supports Bodnmr’s finding that, if ona adopts a formalism in which

explicit Z degrees of freedom are eliminated, then ANN three-body forces are

essential,) The Bodmer ●nalysis contains effoctivoly four potential strength

parameters: (1) that of tha AN interaction combination &~ + $& found in

Ap scattering ●nd in ~He; (2) that duo to the AH interaction spin dependence

v~ - v>; (3) that of the dispersive diagram 2(b); that of the long-range “

attractive ANN forco of diagram 2(c), T’h spin d-pondenco of the AN force is

ill determined, duo primarily to tho lack of precision in our knowledge of

B(~H). Furthermore, the disporsivo tone ●pp-ars to domir.atotha required ANN

three-body fores.

Tha latter result ●ppears to disagree to some extent with a similar

analysis of ‘H, ‘He, ●nd nuclear ❑atter by Pandharipando and coworkers, who

find th~ contribution corresponding to diagram 2(c) to be about 1 MeV larger

(more attractive) than the dispersive (repulsive) term,
20 We shall return to

this in th~ next section, Also, Sauer finds in the Hanovor approach, which

❑odels ~ho three.nucleon forco in terms of NN~NA coupling, that the repulsive

contribution of tho disporsiva dlagrum is slightly smaller than the attractive
21

two-pion-exchange threa-body forca in the trlton. The most complete
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22
separable potential calculationsby Dabrowski and Fedorynski. Although the

calculationswere not designed to provide quantitative binding energy

●stimates, they showed that AN~XN ccmversion could enhance che model ‘H
A

binding energy by as much as 200 keV. Eecause BA(~H) is so small, one cannot

neglect such effects without further detailed investigation.

Because the hypertrlton is loosely bound, it is an ideal laboratory In

which to study three-body forces.
23 Here one 1s relatively insensitive to ill

defined short-range effects such ●s heavy meson exchange. The long-range,

two-pion-exchangecomponent of the threa-body force (AN~XN conversion can

occur by one pion exchange) will dominate. However, a significant improvement

in the precision of the ~H binding energy as well as improved AN scattering

data are required before such an investigation can be made quantitative. One

muse have improved constraints on the realistic hyperoi,-nucleontwo-body

potential models. A step in that direction using tagged A beams from the CERN

~p+M reaction appears realizable.
24

In addition, the K-d*t.nyreaction

proposed as a means of obtaining information about the low-energy An
25

scattering parameters is being tested for feasibility
26

at BNL.

4. THE A4 ISODOUBLET

The 0+ ground states and 1+ spin-flip excited states of the mass 4

hypernuclear isodoublet are shown In Fig, 3 in terms of their A separation

energies, Because one defines

la)

1.24

2.04

230

Level diagram for the ❑ass

4HoA

1+

0+

0.24

0.3s

FIGURE 3
4 isodoublet in terms of A separation energies



. . . .

and

. .

BA(~He) - B(~He) - B(sHe)

for both the ground states (4) and excited state (4*), the repulsive Coulomb

‘He and ~He or ~He* cancels
27

energy in to first order. Therefore, as noted

previously, charge symmetry breaking in the hypernuclear ground states due to

a difference between the Ap and An interactions (~He has one more Ap

interaction and one less An interaction than does ~H),

ABA(O+) - BA(~He) - B,,,,(~H)= 350 kev,

is three times larger than (and of opposite sign to) the charge symmetry

breaking (due to differences between the m and pp strong interactions)

deduced from the experimental binding energy difference in the ‘He-SH nuclear

isodoublet. Correcting for the repulsive Coulomb interaction between ehn two
28

protons in ‘He, one obtains

~BCSB
- [B(SH) - B(SHe)] . EC _ 120 kevo

There is a small Coulomb correction to ABA, because the Coulomb energy in ~%

is expected to be larger (more repulsiva) than that occurring in ‘He. This

effect 4ctually increases M
A“

It has been estimated to be around

20 keV,27’28 yielding a charge-symmetry-breakingenergy difference due to the

strong interaction of

ABCSB +
A (O ) uO.37 14eV.

A charge-symrmtry.breakingeffect of some type is expected in A

hypernuclef, because of the significant ANMXN coupling in the hyperon-nucleon

interaction.6 For example, the X+ and Z- masses differ by some 10 MeV, and Ap

couples to Z+n whereas An couples to Z-p, Effects of this ilk have been

included in the commendable ●ffort of the Nfjmegen group to construct

realistic meson-theoretical potential models of the hyperon-nucleon

interaction,16,29,30 In particular, it has been demonstrated
31,32

in a model

calculation using separablo potentials fitted to the low-energy scattering
16

parameters (a,rO) of the Nfjmegen model D that the charge spetry breaking

exhibited by that potential (Vt # V~n, Vs @ V~n) is sufficient to accounc
Ap Ap



for such a value of ABA““”(O’) if one uses a true four-body formalism. That..
is, one must solve exact four-body equations. (It was also shown in that

analysis that a folding model prescription using the same potentials yielded a

value of AB~sB +(O ) too small by a factor of 2.) The charge symmetry breaking

evidenced by ABA(l+),

ABA(l+) - BA(~He*) - BA(~H*) = 240 keV,

has yet to be analyzed in terms of exact four-body equations.

4.1. The O+al+ Transition

The fact that there exist two particle-stable states in the A-4 isodoublet

provides us with a unique opportunity to test our models of the hyperon-

nucleon forces. Generating both the 0+ ground state and 1+ excited state

within the same model is not a trivial exercise, if one is required to utilize

forces that reproduce the low-energy properties of the YN scattering data.

(Such a test of our ability to model the nonstrange few-body nuclei in terms

of the NN interaction does not exist,) An analysis of the structure of the

four-body wave function amplitudes generated by solving the Faddeev-

Yakubovsky-like exac: equations shows31,33 that the spin dependence of the two

states is not as simple as one might naively expect.

If one neglects spin in this four-boay system, the five types of amplitudes

that comprise the Schr6dingerwave function of eithet state are depicted

schematically in Fig. 4. There are three amplitudes having [3,1] symmetry,

i.e., they correspond to configurations in which one baryon is removed from

the remaining three. Amplitude A describes ● A coupled :0 a three-nucleon

core (not necessarily a trinucleon ground state), while amplitudes B and C

describe an N coupled to the two types of amplitudes that one finds in the

(A) (B) (c)

(D) (F)

.

FIGURE 4
Schematic representation of the five ~pl~tudesthat determine the A-4 wave
function in the spin-independent limit of the separable potential equations
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. coupled to ●n interactingAH pair, The amplitudes D and F have [2,2] symmetry

and dascribe the decomposition into ●symptotic statas in which different pairs

of baryona interact.

When on. fncludos spin, the number of amplitudes in the 0+ state expands to

10, while thare ●re 15 smplitud~s in the 1+ state. In ● central force

approximation, tha 0+ state invalvos spin-singlet●nd spin-triplet interacting

pairs in the three-body subsystems, but the total spin of the three-body core

states can be ●t most 1/2 becauso they must couple to the fourth baryon to

form the spin-O four-body state. The 1+ state involves the same spin-singlet

and spin-triplet interactingpairs in the thraa-body subsystems, but the

three-body core states can have ● spin of 3/2 as well ●s 1/2 and still couple

te the fourth baryon :0 form the spin-l four-body state.

Approximating either the 0+ or the 1+ state by [A a ‘H]
J

is inadequate, In

the case of 4He who=. tbo number of amplitudes reduces to two (A ●nd D)

because one fu dealing with four identical nucleons, neglecting the [2,2] or D

ampiitudo causes one to miss 1/3 of the a-particle binding ●nergy,
34

clearly

●n unacceptable ●pproximation. ‘He is not just composed of states with

structure like [p o ‘H] ●nd [n @ *Ho] but contains important elements of the

4H is not just [A 8 ‘H] in either the[d@d] ●nd [d*@d*] form, Simiiaxly, A

0+ or 1+ state. In the mo$el calculations to ba discussed, ●ll five types of

amplitudes ●r* couplod to on. ●nether, Although the A amplitude is the

largest, the two othor [3,1] amplit~das ●nd the two [2,2] amplitudes (that is,

B,C,D, ●nd F) ●rc ●ach of the order of 10Q of A.
.

In a naive ●~lalysisthat ●pproximates ~H states ●s [A 0 ‘H]~ (that is, ●

picture in which one retains only tha A typo amplitudes), one might argue that

the [1/2 m 3/2]1 amplitudo which contributes to the 1+ state can be neglectad,

becauso the J-3/2 ●xcited states of the trinucleon “cor@” lie far ●nough above “

the Jw1/2 ground stat.. If so, the~ the 0+ state would contain two [1/2 @

1/2]0 amplitudorn (ulth spin-singlet ●nd spin=triplet interacclng pairs in the

trinucleon) ●nd the model 1+ state would eentain ● similar two [1/2 @ 1/2]1

amplitudes, which is the ori~in of the assumption that the 0+ ●nd 1+ ~H states

aro related by ● simple spin-flip transition, However, the argument clearly

fails when on. cannot neglect tho remaining amplitudes, which the exact four.

body ●quationa r.quiro b. included, The D ●nd C amplitudes contain three-body

“core” states of tho hyp~rtriton system, The hypertriton spln=l/2 and spin.

3/2 states ●ro nearly deg~nerate, and the J-3/2 states cannot be neglected.

Thus, any simple model ●nalysis of the A-4 hypernu~~ear 1+ ,tatos ●s just a A

spin.flip imposed upon the 0+ state structure can be highly misleading.

Furthermore, we shall see that AN~ZN coupling is important, because the A
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core states. This was clear in the analy~is of NN states that contribute to

~H when A-X conversion is Included.
A

Bodmer17 suggested this as an

explanation of tho ●no=al~~sly small value of BA(~He). That is, the X can

couple only to the highly excited T-1, e$en parity states of ‘He which lie
35

some 40 140Vor higher in the spectrum, because both che A and the 4He core

of ~He havo isospin 0.

4,2. A 0+-1+ Model Problem

To illustrate the importance of treating this A-4 system in terms ~f a

correct (exact equation) formalism, we considor the following model

calculations. W- us~ the Stepien-Rudza and Wycech separable potential
36

approximation to the Nijmegen YN coupled channel (AN-XN) potential model
~ 30 W@ include the A~X conversion ●ffects only implicitly. In other words,

the two-channel potentials of ref. 36 ●re replaced by one=channel effective AN

potentials which have identical low-energy scattering parameters (scattering

length and effective

solving the full set

that describe the 0+

B(O+) - 10,7 FleV

and

B(l+) = 11,7 14eV,

range ) , The A4 binding ene:gies that result from

of 10 ●nd 15 coupled, tw~-dimar.sionalintegral equations

●nd 1+ A-4 isodoublet states are:
33

The states are inverilelyordered with respect to experimental obse~ation, In

this approximation of using the frte AN sc~ttering potentials in the ●xact A-4

equations, ~he 1+ state is more bound than the 0+ state. .

The reason is understandable. For two ●ttractive potentials that do not

support ● bound state

Ial > Ia’1 +V is more ●ttractive thanV’

●nd

‘o
> r~ + V is more ●ttractive than V’.

If the potential doss support ● bound state, then

a <a’ * B > B’
22



‘o ‘ ‘6 +B2>B2’.

(As a potential becomas moro attractive, the scattering langth a approaches --

whera it just mupporta ● bound state, and thsn a falla from +-=as the

attractive natura of the potantial is further ●nhancod. ) For thosa who prefer

to think of a simplo squara WO1l, increasing th~ depth (strangth) or the size

of tho WQ1l ❑akes ic moro attractive for tho two-body system, Howovar, the
37,34

same does not hold crum for n-body systcmrn whcro n > 2. Given two

attractive potentials V ●nd V’ with scattering strengths ● and a’ and

effectivo rangss r
o

●nd r ~, than on. can damonmtrato that tho binding energies

Bn in various systems are ralatad to tha potentials ●s followm. Holding the

offectiva rang. fixed, than ona finds that

a<a’ -Bn>B’ n-2, 3,4,,,..
n’

fiat is, tho binding ●norgy Bn duo to potantial V 18 groator than that due to

V’ in a 2., 3-, 4., ,,. body syatom. (For an ●ttractive potential that does

not support ● bound state, Ial > Ia’1 ❑oans chat V 10 moro attrmctivs than V’,

or closar to supporting ● bound stata, ●nd Ia[ > la’ I + Bn > B:, n - 3,

4, ,,,,) Bacauso tho scattering langth is rolatod to s volumo intogrsl of chc

potontial, this result is ●xpoccad Lntuitivoly, Howovor, when ona

scatcoring length and varias tho cffoctiva rang., than on. finds

fixaa chm

but

>r’+B
‘O O n<OA’n-3’ L’””

That is, aa tho ●ffactivo rang. la incroamod, tho potontial is ❑ orn attractive

in tho two-body sonso, but 16ss ●ttraccivo in ❑any-body syhtoms, 1A

variational modol calculation illustrating this .ff@ct WAS, in fact, put fozth

by Thomas in 1935 IS an argumonc for why ths nuclear forco had to b. of
30,39

nonzoro ranga -. othorwiaa, cho triton would collapso to ● point

nuclaus, ) Thus, a moan.field, ●fftctiva two-body ❑odol approximation to ●n n-

body aystom may load co ●n incorroct intorprotacion ot precision cxporimontal

❑ -aaurocuants , Exact calculations can rovoal novol aspac:m of physics which

cannot ba obcainod in any ●pproxlmaco theory that raducos cho calculation to

ona of an ●ffactiva two.body ●quatlon,



“L”nls1s Illuscracea oy me AN potential parameters quoted in Table 1?,, The

scattering lengths and effective ranges ●re those of the separable potential
36

model approximation to the Nijmegen interaction.30 The A ●nd @ are the

~trength and range of the rank-one separable potential

V(p,p’) - “L (p) g(P’)2P ~

g(P) - (p2 +p2)”’1

that reproduces ● and ro, (Here p is the reduced mass of the two-body

system.) The scattering lengths are approximately the same. The potential

differencma ●re contained in the effective ranges. The affective spin
5

averages that correspond to tho two states ●re

0+: *L + :v~

1+: & +;v~.

Thus, tha 1+ state is

‘i< ‘~’
tho 1+ state

O stat.. Baaed upon

dominatad by tha spin-triplet AN interaction, Because

is moro bound in th* fo!tr-bodycalculation than is the

the abovo analysis, it is clear that in ●n ●ffective

A(fm”3)

p(fm%

●(fro)

ro(fa)

two-body formaliem just tho opposito ordoring would b. found, The spin-

triplet forco 10 weaker than tho spin-singlat force in ● two-body sense,

Although havirlgtho 0+ state ❑ ore bound than tho 1+ stat. in ● moan field,

effoctivo two-body modal might b. pleasing, tho physics would b. wrongl

Ono important cffact that is miesing from this modol based upon AN

potentials that doacribo fret ecattoring ie tho lsospin rolateclto AN*XN

coupling. B@causa tho A (T-O) ●nd X(T-l) couple differently to T-1/2 core .

stat-s that ●re composltas of threa T-1/2 nucloona than to ●l~montary T=l/2

nucloons, there La ● ;lg~ificafitm~dium modification Of the AN inr.eraction.

Neglecting T=3/2 trinucloon core states (having ●xcitation ●norgies of some 80

Tsblo 11, The potential paramotora along with ● ●nd r. for tha free space AN
int~raction,

‘h
v~

0,0952 0,3262

1,2011 1s7251

-1,97 .1,95

3,90 2,43



[1
i 1

i ‘AN ‘I(N
‘YN- i i ,1-s, t

‘XN ‘ZN

exhibit ●ltered spin-isospln coefficients for the off-diagonal coupling terms,

In particular, the spin-singlet force is modified in the 0+ state

0+’’;-[2‘3
and tha spin-triplet force is modified in the 1+ state

l+:vd-i2w
l%c rank-one separable paramotors that reflsct thoso

quoted in Table III. Both lntaractions ●ra woakar (’

larger) than those in Table II in the few-body sense

medium modifications

●l is smaller and r.

Hence, tho binding

are

is

enargias of both states will ba raducod. However, the modified spin-triplet

interaction, which is combined with the free spaca spin-singlat Interaction in

the 1+ ststa, has bom woakoned mort (coefficient -1/5 compared to 1/3) than

tht modiflod spin-singlet interaction, which is

spin-triplet intoractlon, in tho 0+ stat., Tne

B(O+) = 9.6 HoV

B(l+) -6,2 Nov.

combin~d with

modal binding

tho free space
33●ntrgios arc

Table 111, Potential puamters ●long with ● and r. for the ❑odium modifiad
Lnteractionn.

v

v~(o+) v~(l+)

‘o

0,0739 0,1814

1.1828 1,6061

.1.33 “0,95

4,68 3,50



J) L UULII ● La Llsm, nowmver , cne L mcace, aomlnacca by tho ap~n-triplet

interaction, suffers the largar changs.

T%. ❑odol 0+-1+ ●nargy diffarance i~ow ha, tha corr,ct uign and is

E - 1,4 Mev.
-v

This is a ❑odel calculation which has naglact~d othar possibly important

effactn such aa tensor forcaa, Howevar, it does illustrate tho important role

that AN-m coupling plays in understanding the s-shell A.hypornuclei and the

complox nature of tho spin-dapendanca of cho AN interaction in tha nuclear

❑edium. Purthormora, tho spin-singlet AN interaction may turn out to appear

mora ●ttractive tt,an th~ mpln-triplet interaction in few-body bound states but

be weakar in tha two-body nenaa in fraa ●pace. Hyp@rnuclaar physics is ❑ost

intcrosting,

5. M HYPERFRAGMENTS

Two ●mulsjon cvsnts hava been reportod which wara int~qoratad as M

hypernucloi. ‘I’ha ~B@ ●vent
11

with Bfi = 18 llaV was found first and has been
10

rather throughly chocked. Tho ~Ho ●vant with BLi - 10.6 HaV has been

somauhat controvormial. Tho lmportanca of #uch M I?.yporfragmants la

unquaationod. Thay provide our only window to study tho M interaction, ●nd

their ●xistanca baars upon that of tho ‘Hn dibaryona -- a uuddss sputially

s~atric combination of 5 quarks that could tako ❑mximal ●dvantage of the

strong magnccic-color forces in tha ono.gluon-~xchango interaction among

quarka ,

6H0 want has not been univoraallyAlthough tho intcrprccation of th~ ~

accapcad, ❑od-l calculaciona soom to indicaco that tho two M ●vanes ●ro
40

sonsistanc, Whsn b forcoa arm paramotorizad to r-produce tha A maparatio;]

onorgy ir jH@ Mnd aa forcts ~ra paramotarizcd to dcmcrlbc aa scattering und

‘Ba 10VC1S, chc M forco noodod to ●ccount for B~(~Bo) alto ●ccounts for tha

quot~d ValUO of BM(JHo),

Because onc would @xp@ct ● M hyporfragmanc to dacay quickly inta an H

dlbaryon if the H has a ❑ass smaller than 2mA, tha observation of AA

hy-parfragmants argues ●gainst tht ●xisconco of an H bound with re-pact to AA

dacdy, Emulsion tvonto ara ldanciflod by w~ak decay (A+NR) of tho

hypcrnuclaus ,
&

which is strongly suppressed as th~ ❑ ass is incrsasad ●bova

A-3, Thar6fors, ovonts in which bo~h As in ~Bc decay wakly must bc very

rare indood, Mny ❑ors l“Bt hyp~rnucloi must hava boon formad and docayod
AA

undatoctcd by tho MWIN waak procosm.



for this unique perturbativeQCD prediction of the H dibaryon, serious

consideration should be given by experimantaliststo exploitation of a

signature for AA hyparnuclei othar than their pionic decay modes, Renewed

‘He ●re called for, ●s is a search forefforts to confirm the existence of ~

lighter mass M hypernuclei, ‘*Be) - 18 meV,From BM(M one can deduce that

~~2mA - 20 MeV.

Otherwise, the M pair should decay rapidly into an H. If ~He is confirmed,

then one can sunsize that

If JHe is not confirmed, then one can bound ~ between these two values,

becaus~ model calculations
40,27

that ●re consistent with BM(fiBo) being about

18 MoV ●lso yield an ●stimate of B~(~He) of about 10 MeV -- assuming the AA

‘He is confirmed, doss the hyperfragmentpair do not decay into ●n H. If ~
dH

exist? Because ~H binds, 4H will ●lso bind, if the M pair do not decay into

an H, The 4He(K-,K”)~H rflction is ● candidate for the search, ●lthough the

momentum transfer in euch double-strangeness-exchangereactions is not

favorable to ground-stat. formation,

6, SUMMARY

An improved measurement of the ~H binding ●nergy is called for to constrain

th~ spin dspendenca of the hyperon=nucleon interaction and to t~st our ●bility

to modal throo-body forces. Improved low-energy Ap scattering dat& from

tagged A bcame ●s well ●s An data from tho K-d+Any reaction ●re nseded, AN-ZN

coupling is ●n important aspect of hypornuclear physics, becauso tho A-Z mass

differwtce is emall ●nd the Z ie narrow, This produces a compl~x spin

depondcncc for tho AH interaction that varies with the Isospin of the nuclear

cora state, Medium corrections ●e more important in hypornuclaf than in

normal nuclei, This ●ffact is maximal in ~He ●nd can be intarprotod in terms

of a r~pulsive three=body (nuclear core dependent) force. A renewed effort to

identify AA hypernucloi is called for, Mass meawromonts of tho lightest such

hyprfragmonts would provido important constraints on the masrnof ●ny S - -2

dibaryon,
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